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^ (54) Title: CATIONIC ALKOXYAMINES AND THIiIR USK IN PRODUCING NANO PARTICLES ITIOM NATURAL OR SYN- 
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(57) Abstract: The instant invention relates to cationic alkoxyamines, which are useful as polymerization initiators/regulators in 
a controlled stable free radical polymerization process to produce intercalated and/or exfoliated nanopaniclcs from natural or syn- 
thetic clays. The invention also relates to improved nanocomposites produced by this process and to the use of these nanocompositc 
compositions as, for example, coatings, sealants, caulks, adhesives and as plastic additives. 
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Cationic Alk oxvaminAg Ann y hp,, y . p^^,, 

^i;^; ^^"^^'^'"^ ^'^"^ ^ ^^'^'es from Natnr.L orJynthet^ 



r:~ ~ ~ ^^^^^^^^^ 

One way of lmprc*g polyme, propels ia by adding a natural or syntheBc dav n,a,»„„ . 
optical properties of the polymer may be ad^rsely affeoled. 

Manonocomposite compositions containing finely dispersed nature, or synthetic dav »lth a, 
least par.a,ly intercalated and/or exfoliated ^yers and mixtures of ethyle It urltl . 
monomers and^or polymers therefrom have therefore attracted muc 
.ears These metehals c^bin. tb. desired effeds o, dispersed da y ir vl^^ 
nega.ve,nfluenoeon,for,xa„^,,bemed»icalorop«ca.properties. ^ 

Such compositions, memods for mating them and their use In polymers and coatings are for 
e«mple described ,n WO 0^4759. P„,ymeH«.«on p^cesses are descrl JlTg I ' | 
m „ l on,te day, acrytete mor»m,rs and for example ammonium persuifate as rad^ , 

r.:=r.r::r."rr' ■ - ~ 

V. Sogah e, al., J. Am, Che^.Soc, 1999, ,2,, ,e,s.,e,e desoibe the synthesis of 
d,spersed nanocomposite compCBons by ^ situ ,|,^g free radical pdymerlzaUon orstlne 
using a s,l,ca,e-anchored initiator. The nitroxyf compound used is a 22 6 6 te^Ih , 

Piperidine ai.oxyamine. Mhougb Sog have shown .he prj* [ p^:::^ 

prepa ng nanocomposite compositions by conuolled free raCca, polyme,,L«o^ they hal 
been l,m,.ed to styrene, since the ^ i„«ia.ors/reg„lato,s a. not efTcient e^b ^ 
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polymerize acrylates or methacrylates with reasonable conversion rates at acceptable 
temperatures. . 

The present invention provides alkoxyamines, which can be anchored to natural or synthetic 
clays by a cationic anchor group and which have a high reactivity towards acrylates, meth- 
acrylates, styrene and other monomers resulting in a controlled molecular weight with narrow 
molecular weight distribution. With these compounds polymerization leads to high monomer 
to polymer conversions in short times and at relatively low temperatures. 

In contrast to conventional radical polymerization, controlled radical polymerization allows to 
adjust the molecular weight of all growing chains almost uniformly to a predetermined length 
(low polydispersity), resulting in an almost ideal dispersion of the intercalated and/or 
exfoliated clay particles. 

The nanocomposite compositions of the instant invention can be optically almost transparent, 
indicating the fine distribution, on the nanometer scale, of the clay. 

One aspect of the invention is a compound of formula (I) or (II) 

(Q- X-)pv^ 

L-G, (Q-X)r 

N— O (I) 
/ 



(Q* X-)q 



(Q* x-)cr— L3 /GrQ2-L-QrGi^ /a— IQ* X-)r 



O— N— O (11) 



wherein 

Gi and G2 independently represent a tertiary carbon atom to which unsubstituted Ci-CiaalkyI 
or phenyl or with CN, COCrCiealkyl, CO-phenyl, COOCrCiaalkyl, OCrCiealkyl, NO2, NHC,- 
Ciaalkyl or N(CrCi6)2alkyl substituted alkyi or phenyl groups are bonded; or one of 



BNSDOCIO: <WO__2004000809A1.L> 



wo immmmt*) 

PCT/EP2(K»3/(MI637(» 

-3- 



G, and is a secondary carbon atom to which a group -P(0)(OR„) anri th .k 
defined above; or ^t^>l"«22)2 and the other is as 

G. and G together with the nitrogen atom to which they are bonded to torm a 5 to 8 

^taaiKyl, C,-C,8alkoxy or =0 groups; and ic 
■ Which may be interrupted by a further oxygen or nitrogen atom; 

with the proviso that at least one of the 4 r r oii,..! 

.... Ci-C4alkyl groups m ortho position to the nitmn^n 

atom IS higher alkyi than methyl; nitrogen 

Li. U and U is a linking group selected from the group consisting of 

a direct bond. R,-V or R.C(0)-V- where V is attached to 0, and/or G. C,-C.alk,ene. 

Cz-Cjsalkylene interrupted by -O-. -S-, -SO-. -SO^- "^m-b ?i 

/"^ «3 . _C- . 

o o 

II 

C-o- . -c-N— . phenylene and Cs-Cecycloalkylene- 
y is O. or NR9 

.':r/z °" -MO-XT 

Q2 is a direct bond. O. NRs or NRgRe; | 
Q* is a cationic group selected from the group consisting of 



-N- 
I 

R7 



r;h hA^ 



and 
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wherein 

R, is Ci-Ciaalkylene, 
R2 is a direct bond or Ci-Ciaalkylene, 
R3 is hydrogen or Ct-Ciealkyl. 
R4 is hydrogen or CrCiaalkyl. 

Rs. Re and R7 are each independently of the others hydrogen, Ci-CiaalkyI, 

Ca-Ciacycloalkyl. phenyl or CT-CgphenylalkyI or Ce-Cioheteroaryl which all may be 

unsubstituted or substituted by halogen, OH, NO2. CN. CrC4alkoxy. or 

R5, Re and R7 together with the nitrogen or phosphor atom to which they are bonded 

form a 3-12 membered monocyclic or polycyclic ring, which may contain further 

heteroatoms; 

Rs is hydrogen or d-Casalkyl, C3-C2salkyl interrupted by oxygen, sulfur or by 
^N— R, ; or C2-C24alkenyl, 

Rg is hydrogen, CrCiealkyI, Ca-Ciaalkenyl. Ca-Ciaalkinyl. phenyl, CT-CgphenylalkyI, 
which all may be unsubstituted or substituted by one or more hydroxy, halogen or d- 
C4alkoxy groups; 
R22 is Ci-CiealkyI; 

X' is the anion of a Ci-Ciacarboxylic acid which may contain more than one carboxylic 
acid group, fluoride, chloride, bromide, iodide, nitrite, nitrate, hydroxide, acetate, hydrogen 
sulfate, sulfate, d-Ciaalkoxy sulfate, aromatic or aliphatic sulfonate, carbonate, hydrogen 
carbonate, perchlorate, chlorate, tetrafluoroborate, borate, phosphate, hydrogenphosphate, 
dihydrogenphosphate or mixtures thereof; and 

p, q, and r are independently of each other a number from 0 to 10 and at least one is 
different from 0. 

AlkyI having up to 18 carbon atoms is a branched or unbranched radical, for example methyl, 
ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl. tert-butyl. 2-ethylbutyl, n-pentyl, isopentyl. 
1-methylpentyl, 1 ,3-dimethylbutyl, n-hexyl, 1-methylhexyl, n-heptyl, isoheptyl, 1,1,3,3-tetra- 
methylbutyl, 1 -methylheptyl, 3-methylheptyl, n-octyl, 2-ethylhexyl, 1,1,3-trimethylhexyl, 
1,1,3,3-tetramethylpentyl, nonyl, decyl, undecyl, 1-methylundecyl, dodecyl, 1.1,3,3,5.5- 
hexamethylhexyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl or octadecyl. 
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Ca-CeAlkyl interrupted by oxygen, sulfur or by is. for example. CH3-0-CH,CHe-, 

CH3-S-CH2CH3-. CH3-N(CH3).CH,CHa- . CH3-0-CHaCH.-0-CH,CHr 
CH3-{0-CH,CH,-)3O-CH,CH,- . CH3-(0-CH2CH3-)30-CHaCH,- or 
CH3-(0-CH2CH2-)40-CH2CH2-. 

e%rP^:SS iZ:^::^^:^^ - or ...enyl. 

C-CAIkylene is a branched or unbranched radical, for example methylene, ethylene pro 
py ene tn.ethy,ene. tetramethylene. pentameth^ene. hexamethylene. heptaZyle 
octamethylene. decamethylene. dodecamethylene or octadecamethylene. 

Ca-Czsalkylene interrupted by -0-.-S-. -SO-. -SOr. \-r " II 

/ 3 • — c— . — c-o— • 

o 
II 

~C-N- .Phenylene or Cs-Cacycloalkylene is. for example. 

Tcn'o Ch'c^^^^^^^ -CH.N(CH3,-CH.. -CH.0-CH.CH.. .CH.CH.O.CH.CH.. 
-CH.CH,-0-CH2CH.O-CH2CHa- . -CH^CHHO-CH^CHH^O-CH^CH. 
-CH.CH3-(0-CH.CH.-)30-CH.CH3-.-CH.CH.(0-CH.CH.).0.CH.CH;. 

-CH.CH.S-CH.CH3-. -CH,-ChJ-nh-<CH,)3- . -CH,-CH,-Lh-(CH,,- . 



-CHrCH,-/^CH,-CH3- or -CH,-CH,- 




CHj-CHj- 



AU^ h.„„g 2 to 24 o,*o„ atoms . a branched or unbranched .d,ca, such as ,or 
ex^mp^e, ^. 2.,„„„,,, 3.,„,^„^,^ .^^^^ n.2.4.pen,adia„,. 3- Jh^" 

b^e^ n.a^,e„, „.2^«,acan,. ^-dodeceny,, o,e,. „.2.oc,adaceny, or n..oc.adace 
n^. Pr^erance « ,„ a»<eh^ having 3 ,o ,8. especia.y 3 ,o ,2. ,o, example 3 ,o 6 
especially 3 to 4 carbon atoms. h' « o lo o, 
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Alkinyl having from 3 to 18 carbon atoms is a branched or unbranched radical, for example 
propinyl, 2-butinyl, 3-butinyl, isobutinyl, n-2.4-pentadiinyl, 3-methyl-2-butinyl, n-2-octinyl, n-2- 
dodecinyl, isododecinyl. 

Halogen is, for example, chlorine, bromine or iodine. Preference is given to chlorine and bro- 
mine. 

Alkoxy having up to 25 carbon atoms is a branched or unbranched radical, for example 
methoxy, ethoxy, propoxy. isopropoxy, n-butoxy, isobutoxy, pentyloxy, isopentyloxy, hexyl- 
oxy, heptyloxy, octyloxy, decyioxy, tetradecyloxy. hexadecyloxy or octadecyloxy. Preference 
is given to alkoxy having from 1 to 12, especially from 1 to 8, e.g. from 1 to 6, carbon atoms. 

Alkanoyloxy having up to 25 carbon atoms is a branched or unbranched radical, for example 
acetoxy, propionyloxy. butanoyloxy, pentanoyloxy, hexanoyloxy, heptanoyloxy, octanoyloxy, 
nonanoyloxy, decanoyloxy, undecanoyloxy, dodecanoyloxy, tridecanoyloxy, tetradecanoyl- 
oxy, pentadecanoyloxy. hexadecanoyloxy, heptadecanoyloxy, octadecanoyloxy, icosanoyl- 
oxy or docosanoyloxy. Preference is given to alkanoyloxy having from 2 to 18, especially 
from 2 to 12, e.g. from 2 to 6, carbon atoms. 

Hydroxyl-substituted C2-Ci8alkyl is a branched or unbranched radical which contains prefe- 
rably 1 to 3. in particular 1 or 2, hydroxyl groups, such as, for example, hydroxyethyl, 3-hydr- 
oxypropyl, 2-hydroxypropyl. 4-hydroxybutyl, 3-hydroxybutyl. 2-hydroxybutyl, 5-hydroxypentyl, 
4-hydroxypentyl. 3-hydroxypentyl. 2-hydroxypentyl, 6-hydroxyhexyl. 5-hydroxyhexyl, 4- 
hydroxyhexyl, 3-hydroxyhexyl, 2-hydroxyhexyl, 7-hydroxyheptyl, 6-hydroxyheptyl, 5-hydroxy- 
heptyl. 4-hydroxyheptyl. 3-hydroxyheptyl, 2-hydroxyheptyl, 8-hydroxyoctyl. 7-hydroxyoctyl, 6- 
hydroxyoctyl, 5-hydroxyoctyl. 4-hydroxyoctyl. 3-hydroxyoctyl, 2-hydroxyoctyl, 9-hydroxynonyl, 
10-hydroxydecyl, 11-hydroxyundecyl, 12-hydroxydodecyl. 13-hydroxytridecyI, 14-hydroxytet- 
radecyl, 15-hydroxypentadecyl, 16-hydroxyhexadecyl, 17-hydroxyheptadecyl, 18-hydroxy- 
octadecyl. 

C5-Ci2cycloalkyl is for example cyclopentyl. cyclohexyl, cycloheptyl. methylcyclopentyl or 
cyclooctyl. 
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I. X- « a ^novalem radical „, a «,u,ated, unsatoted or aromate carboxyllc acid i, is ,o, 
example, an ace^, caproyi, stearoyl. acrylort methacryloyl, benzoyl or HW-di-len-buM 4 
hydroxyphenyl)proplonyl radical. , f l ■=■ lert butyl-4- 

ad,port suberoA sebaooyl. malaoyi, IBconyl, prtbaloyl. dlbuWmalonyl. dibanzyllony 
buM3.5^Hter,.bu,,,-4.hy<*oxybanzyl,ma,^y,o,b,-^tohep.e„edca,bony,^ 

llllr:"" ' " ^' " ' -'V' 

Heteroaryl is for example pyryl. thiophenyl. furyl. pyridyl or pyrimidyl. 

When Rs R. and R. form a monocyclic or polycyclic heterocyclic ring, the resulting cation is 
for example a pyridinium. quinolinium. isoquinolinium. imidazolium or thiazollum catL. 

In one embodiment of the instant invention in formula . or .1 -L,(Q*X-,. -U(Q^x-,.and 
-L3(Q X ), are a group 

'^^^'C^J wherein 

K. and K3 are hydrogen. C,-C,«alkyl. Cs-C^cycloalkyl. phenyl or CC^henylalkyl and 

K3 is a group -COK. or -^Q^Z-K, where . 

K. is -Y-[(CHa-CH,)-(CH,),-N^ R3R3 X>CH.CHHCH3).-N^ R,R,R, x or 
-Y-CH.CH0H-CH.N^R,R3XH((^^^^^^^^ 

Where s ,s a number 0-8. t is a number (M and u is 0 or 1 and Y is -O- or -NR, or 



K, is a group _v_/"\_«* ♦ ^/ ^ 

^^L/ ° ^ • -Y-\Jn-R, X- X- or 

Re 

Z is -C(0)- or a direct bond, 

if Z is -C(0)-. K5 has the same meaning as K4 

CH2-(CH2),-N R5R6R7 X }„. Q*X-. -CH2Q*X- or -CHCHaQ^X-; 
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and Y is -O- or -NR9 or a direct bond; 

Rs NH 
Q*Xis — N-Rg X . — \ X\and 
R 

Re R7 

the other substituents are as defined above. 

Preferably the compounds are of fonnulae la, lb, Ic, Id or le 

(la) (lb) (ic) 



J N-O-4-K3 N-O+K3 



o 



(Id) 



(le) 



wherein 

Qi is a direct bond or a -CH2- group; 
if Qi is a direct bond, Te is hydrogen, 
if Qi is -CH2-, Ta is methyl or ethyl; 

Ti, T2. T3 and Ta are independently methyl or ethyl with the proviso that at least one is ethyl; 
T7 and T10 are independently hydrogen or methyl; 
T5 and Te are hydrogen or 

T5 and Te together are a group =0» =NOH, ^NO-Tg or 

T5 is hydrogen and Te is -O-Tg or -NR9-T9 where T9 is hydrogen, Rg or -C(0)-R9 , where Rg 
is hydrogen, CrCiealkyl, Ca-Ciaalkenyl, Ca-Ciealkinyl, phenyl. Cy-Cgphenylalkyl, which may 
be unsubstituted or substituted by one or more hydroxy, halogen or CrC4alkoxy groups; 
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Tn. T,2, T,3. T„. T,s and T,6 independently are C,-C«alkvl r r oiu^ . ^ « 
C^ycloalM, phany, or C.O.p.eny.a,M; or 

T is h^^rogen a„a T„ 3 group -P,o„OCHd. o,he. „e a. defl™. a.ova- 

or T„ and T.ara a group -CH^-O-T, and me others a« ae dellnad above- or 
T,. ,s a group -c,0).Y-R, a™i me other, are as defined above: 0, ' 

Tit. T12 and T13 are a group -CH2OH; 
-L3(Q*X'). is a group 

"T/^J wherein 

K, and K, are hydrogen, CVC^oalkyt, phenyl or CVC^hanylalkyl and 
K3 is a group <X3K, or -Q_2^<_ where 

V ChThc^I^J''^!''-"* '0°"'^«-<=H^-'^ )Cor 
v.heresandllsanumbertMandulsOor1:or » "Mt-H,). N R,Rrf1, x )„ 

K-isagroup -v-^-,- , -v-^«..^ or -^QN^^ „ 

Re 

Z IS -C(0)- or a direct bond, 

if 2 is -C(0)- Ks has the meaning of K4 



Yis -O- or-NRg; 

NH 

X-.and 

X- and the other substituents are as defined above. 



Q^X-is -Ni-R^ X . 



-n aether prete^ed e.bodi™nt o, .e Invention the compounds are o, to^ula ,1a, „b, „c. 



\ 
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K, •^>^- A, A, T^JV^2 
K3— |_o-N V-Y- 



'<2 X"^ 



3 '4 "4 "3 



(lia) 



'3 '4 '4 '3 



(lib) 



Kg— f-0-N^)=N-0 D-4— 0-N=< N-O-f-Kg 



(lie) 



Ka— I— 0-N 



K, 




T QpO W K. 



(lid) 



K3— |-0-N N-HCHjCH2(CH2),0-],-41-d4^-0-CH2CH2(CH2),1;j-N N-O+K, (lie) 

3 4 *3 *4 

wherein 

A, and A2 are independently hydrogen or together with the carbon atom to which they are 
bonded form a carbonylgroup, -C(0)-; 

D is a direct bond or Ci-Ci2alkylene, d-Ciaalkylene which is interrupted by one or more O, 

S. or NR9 atoms, Cs-Ciacycloalkylene or phenylene; 

E is a group -NR9-(CH2)x-NR9- where x is a number from 2 to 12 or a group 

_Y N Y— 
V is a number from 0 to 10 and w is 0 orl ; 
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Qi is a direct bond or a -CH2- group; 

if Q, is a direct bond. Tg is hydrogen. 

If Q, is -CH2-, Te is hydrogen, methyl or ethyl; 

Y is -O- or -NR9; 

T,. T2. T3 and T. are independently methyl or ethyl with the proviso that at least one is ethyl- 

17 IS hydrogen or methyl; ' 
-L3(Q''X'), is a group 

wherein 

K, and K, are hydrogen. Cs-C^cycloalkyl. phenyl or CrCgphenylalkyI and 
K3isagroup.COK4or _^~^2-K, where 

K. is Y-[(CHa-CH2)-(CHa)s-N* RsRe X>CH2-CHHCH,).-N* RsReR. X or 
-Y-CH..CHOH-CH.N*R3R^H[(CH3-CH.^^^^^^^^^ 

Where s and t is a number (M and u ISO on; or 5«6H7XJ„. 



K^isagroup _Y.^Q^Q.^-. 



°^ ~H X" or 



2 is -C(0)- or a direct bond, 
if Z is -C(0)- Ks has the meaning of K,, 

CHr{CH2),-N* RsReR^ X-}„. QX -CHaQX or-CHCHaQX' 



NH 



Q^X is — Ni-R, X- . 



R7 

Rg Rj 



X'.and 



X- and the other substituents are as defined above. 

Also prefen-ed are the compounds of fomiula Ilia, Illb, lllc. Illd or Hie 
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Kg-O-N 




Y-K, 



Ke-O-N 




Ke-O-N 




N-O-K, 



(Ilia) 



(lllb) 



(lllc) 





K-O-N 



Kg— 0-N N^ECHjCHjiCHj),©-],— K, 




O-K, 



(Hie) 



Ti, T2, T3 and T4 are independently methyl or ethyl with the proviso that at least one Is ethyl; 
T7 is hydrogen or methyl; 

Y is O or NR9; 

Q, is a direct bond or a -CH2- group; 
if Q, is a direct bond, Te is hydrogen, 
it Qi is -CHz-, Te is methyl or ethyl; 

V is a number from 0 to 10 and w is 0 or 1; 

K7 is a group -CH2-CHOH-CH2-N* RsRe X -{[(CH2-CH2)-(CH2)s-N* RsFU X>CH2-CH2-(CH2)s- 

where s and t is a number 0-4 and u is 0 or 1 ; or a group -D,- Q* X' where 

Di is Ci-Ci2alkylene, C,-C,2alkylene which is interrupted by one or more O, S, or NR9 atoms, 

Cs-C,2cycloalkylene or phenylene; 



CecycloalkyOzCCN, (C-CizalkyOzCCN, -CHaCHsCHa, (Ci-C,2)alkyl-CR3o-C(0)-(C,-C,2)alkyl, 




Ke is is selected from the group consisting of 




.2004000809^1. 1.> 
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CR C(0-phe „xy, (C,.C,.,a,M-CR,^0,.N^(C,<„,a,M, (CCrfalM-CR^-CO- 
NH(C,.C,Jalkyl. (C-Cjalkyi-CR^OO-NH,, -CH^rfH-CH„ -CH^CCHJ^CH,, 

■CHj-CH-CH-phenyl, .ch^.c*°" . 3-cyclohexenyl, 3-cyclopentanyl. 




O^CN , [-1^ a. I 



. wherein 

\=/ H^CN 
R30 is hydrogen or CrCzalkyl; 

TZ^-'T" are u,,subs«u.e<. or ,uba«u.«, wHH on, „ -OH, -OOOH o,-c,0,R„ 

c:,::; :r oh, -cooh „ .coo<c:. 

X and the other substituents are as defined above. 
Particularly suitable are the compounds according to formula IVa 



(IVa) 



K^-O-N^Er^N-O-Ke 
wherein 

T, n n and T, are i„d,penden«y ^ or ethyl wHh fte proviso ,ha. a. teas, one is ethyl- 
T7 IS hydrogen or methyl; ^ ' 

X- /Re X- 

E, IS N- (CHj)x — N^— where X is a number from 2 to 12; 

Rs Re 

Ke is is selected from the group consisting of 



wo nmmm)') 



- 14- 



PCT/EP20(>3/(M)6370 




aryl , (Cg. 



CfiCycloalkyOaCCN. (CrCisalkyOzCCN, -CH2CH=CH2, {CrC,2)alkyl-CR3o-C(0)-(CrCi2)alkyl. 
{CrCi2)alkyl-CR3o-C(0)-(C6-Cio)aryl. (CrC,2)alkyl-CR20-C(O)-(CrCi2)alkoxy. (CrCi2)alkyl- 
CR30-C(O)-phenoxy. (CrCi2)alkyl-CR3o-C{0)-N-di(CrC,2)alkyl. (CrCi2)alkyl-CR3o-CO- 
NH(Ci-C,2)alkyl. (CrCi2)alkyl-CR3o-CO-NH2. ■CH2CH=CH-CH3, -CH2-C{CH3)=CH2, 



R30 is hydrogen or CrCi2alkyl; 

the alkyl groups are unsubstituted or substituted with one or more -OH, -COOH or -C(0)R3o 
groups; and 

the aryl groups are phenyl or naphthyl which are unsubstituted or substituted with d- 
Ci2alkyl, halogen. Ci-Ci2alkoxy, CrCi2alkylcarbonyl, glycidyloxy, OH, -COOH or -COO{Ci- 
Ci2)alkyl and 

X' and the other substituents are as defined above. 

Preference is also given to compounds of formula Va, Vb, Vc, Vd or Ve 



-CH2-CH=CH-phenyl. ,q 




3-cyclohexenyl, 3-cyclopentenyl, 




O 




, wherein 
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(Vc) 



(Va) (Vb) 

'3 '2 '4 

(Vd) 

wherein (Ve) 

T, T, T, and T, a« Independentlj, me«,y, or ethyl ™m me pK^ «,a. a, teas, one ie e«,yf 
T7 IS hydrogen or methyl; ' • 

Qt is a direct bond or a -CHj- group; 
if Q, is a direct bond, Ta is hydrogen, 
if Qi is -CHr, Te is methyl or ethyl; 

K, and K. are hydrogen, Cs-C,acycloalkyl, phenyl or C^C^phenylalkyl and 
K3 is a group -COK4 or -.^^^-K, where 

K. is Y-[(CH.-CH.HCH.VN* r^r, X>CH.-CH.-(CH.)3-N^ R.R.R, X or 

-Y-CH.CHOH-CH.NW.a(CH..C^^^^^^^ 

where s and t is a number 0-4 and u Is 0 or 1 ; or 

K4 is a group _Y_/~\_n* Y- . * nr i/~^k/^'- 

^ ^ ' ~Y-^N-Rs X ^ X or 

Re 

Z is -C(0)- or a direct bond, 

if Z is -C(0)- Ks has the meaning of K4. 

CHHCHd.-N RARTXUQ-X-.^Hrfl'X-or-CHCH.QX- 

where s and t Is a number 0-4 and u Is 0 or 1: or a group -O,. Q' X' where 



BNSOOCfD: <WO 200400080aAlJ_> 



wo 2(M)4/0008(W 



-16- 



PCT/EP2(H)3/006370 



Dt is Ci-Ci2alkylene, Ci-Ci2alkylene which is interrupted by one or more O. S, or NRg atonns, 
C5"Ci2cycloalkylene or phenylene; 

I . 

Q*X is — N-Rj X . — \ X-.and 

X' and the other substituents are as defined above. 

Also preferred are compounds of formula Via 

"^2 Ji J? T, T, 
»<2--hO-Nv)-E,H: N-O-^ (Via) 

wherein 

Ti, Tz, T3 and T4 are independently methyl or ethyl with the proviso that at least one is ethyl; 
T7 is hydrogen or methyl; 

X- /Re X- Ps 

El is — (CH,)x — — where x Is a number from 2 to 12; 

\ ' \ 

K, and K2 are hydrogen, Cs-CiacycloalkyI, phenyl or CrCgphenylalkyI and 
K3 is a group -COK4 or — ^"^^.^^ where 

K4 is Y-[(CH2-CH2)-(CH2)s-N* RsRe Xl,-CHrCH2-(CH2),-N* RsRgRr Xor 
-Y-CH2-CHOH-CH2-N*R5R6X-{[(CH2-CH2)-(CH2),-N* RgRe X1,-CH2-CH2-(CH2),-N*R5R6R7 X\, 
where s and t is a number 0-4 and u is 0 or 1 ; or 

/-A A 

K4 is a group _y— ^^-q* x~ • — y-^^n-R, x" °'" ~\_/ \ ^ °'" 

Z is -C(0)- or a direct bond, 

if Z is -C(0)- K5 has the meaning of K4, 

if Z is a direct bond, K5 is O-CHj-CHOH-CHz-N* RgRe X--{[(CH2-CH2)-(CH2)s-N* RgRg X ],-CH2- 
CH2-(CH2)s-N* R5R6R7 X }u, Q*X-. -CHzQ^X- or-CHCHaQ^X' and 
X' and the other substituents are as defined above. 
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Of particular interest are compounds of formula lal. Ibl. Id. Idl or lei 



Cal) (Ibl) 



2 

(Id) 



T 



IS '14 

(Idl) (lei) 



wherein 

Qi is a direct bond or CH2 ; 

T,, Ta are ethyl and Ta, T4 are methyl; 
T7 is methyl or H; 

if Qi is a direct bond, Te is H; 

if Q, is CH2. Tfl is methyl or ethyl; 

T,o is H if T7 is methyl or T,o is methyl if T7 is H; 

Tt >. T,2. T,3, T,4. T,s and T,6 are independently methyl or ethyl; or 

T„ is H, T„ is isopropyl.T,3 is phenyl and T,4.T,5.T,6 are methyl; or 

T„ is H. T« is -P(=0)(OC,Hs),. T,, is t-butyl and T,.. T,s. T. are methyl; or 

T. and T,4 are -CH^O-T, and T«. T. are methyl or phenyl and T,, T. are methyl or ethyl; 

T„. T,2. T„. T„. T„ are methyl and T,6 is a group -CO-O-R, or -C0N(R9)^ or 

T„. T.3 and T,3 are -CH,OH. T,4 is H. T,s is isopropyl and T« phenyl; 

T. is hydrogen. R, or ^(0)-R,. where R. is hydrogen. C,-C,ealkyl. Ca-Calkenyl. C3- 

Cualkinyl. phenyl. Cr-Cgphenylalkyl; 

K, is H, is methyl or ethyl and " 
K3 is a group -CO-K4 or — /~\_2.k ; 



K4 is -Y-CH2-CH2-(CH2),-N*X-RsR6R7 or; 
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-Y-CHrCHOH.CHrN-CH2.CHr(CH2)s.N*X-R5R6R7 where Y is O or NR9 and s is a number 
from 0 to 2; 

if K3 is — {^^^y^^'^B * ^ ^ 
if 2 is -CO-, K5 has the same meaning as K4; 

if Z is a direct bond. Kg is a group -0-CH2-CHOH-CH2-N-CH2.CH2-{CH2)s-N^X'R5R6R7 
or "CHgN^RgReRy X' and 

X* and the other substituents are as defined above. 




(Hal) 



(Ilbl) 



(Ilcl) 



(Ildl) 



wherein 

Qi is a direct bond or CH2 ; 

Ti. T3 are ethyl and T2, T4 and T7 are methyl; 

if Qi is a direct bond, Tg is H; 

if Q, is CH2, Ta is methyl or ethyl; 

D is a direct bond, Ci-Ci2alkylene or phenylene; 
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E is -NR5-(CH2)x -NRs- where xis 2 to12 or a group 



N^N wherein Y is sNRg 
— Y N Y— 



K, is H, K2 is methyl or ethyl and 

Ka is a group -C0-K4 or — ^^^^_z.k ; 

K4 is -Y-CH2.CH2-(CH2)s-N*X R5R6R7 or; 

-V-CH2-CHOH-CH2-N-CH2-CH2-(CH2),-N*X R5ReR7 where Y Is O or NR^ and s is a number 
from 0 to 2; 

if Kg Is — ^^^-z-K, . Z is -CO- or a direct bond; 

if Z Is -CO- Ks has the same meaning as K4; 

if Z is a direct bondKs is a group -0-CH2-CHOH-CH2-N-CH2-CHj-(CH2).-N*X R5ReR7 

or-CH2N*RsR6R7X-; 

and 

X* and the other substituents are as defined above. 

The precursors of the above compounds can be prepared according to known methods. 
The preparation of open chain alkoxyamlnes is for example described In WO 99/03894 or in 
WO 00/07981. Alkoxyamlnes based on tetraalkyl piperidlne are for example described in GB 
2 335 1290 or In GB 2 361 235. Further heterocyclic alkoxyamlnes are described in GB 2 
342 649. 

A very suitable, but not the only possible., method for the Introduction of the cationic moiety 
into the molecule of the alkoxyamine consists of first preparing the suitable precursor 
alkoxyamine wich is then quarternised. Examples of such alkoxyamlnes are given in the 
examples in Table 1. The non cationic precursors can be prepared by a variety of methods 
described in the cited patents using the suitable building blocks bearing the appropriate 
nucleophillc groups capable of quarternisation. Few examples of such groups are primary, 
secondary or tertiary amine group, pyridyl. quinolyl. isoquinolyl. imidazolyl. thiazolyl groups.' 
trialkyi or triaryl or alkylarylphosphine groups or a thioether group. These can be quartemised 
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by a variety ot electrophilic reagents, for example alkyi haliijes, alkyi sulfonates, alkyi 
carbonates, trialkyloxonium salts, epoxi(jes or others. A special case is the formation of the 
cationic moiety by protonation of the cited nucleophilic groups by their protonation with aci(js. 
A given specific anion of the cationic alkoxyamlne can be exchanged against a different one 
using for example ion exchangers or well known ion metathesis. 

A further aspect of the invention is a process for preparing a monomer/polymer clay 
nanocomposite dispersion comprising the steps of 

A) providing a first aqueous dispersion of a natural or synthetic clay which can be 
partially intercalated and/or exfoliated and wherein said clay has an exchangeable 
cation; 

adding a compound according to claim 1 to said dispersion and exchanging said 
cation at least partially; 

B) adding to said dispersion at least one ethylenically unsaturated monomer and 
polymerizing at least a portion of said ethylenically unsaturated monomer. 

Clay minerals are typically comprised of hydrated aluminum silicates that are fine-grained 
and have a platy habit. The crystalline structure of a typical clay mineral is a multi-layered 
structure comprised of combinations of layers of Si04 tetrahedra that are joined to layers of 
AI0(0H)2 octahedra. A so called "gallery" is formed which describes the defined interlayer 
spaces of the layered clay minerals. Depending on the clay mineral the gallery may contain 
water and/or other constituents such as potassium, sodium or calcium cations. Clay minerals 
vary based upon the combination their constituent layers and cations. Isomorphic substitution 
of the cations of clay mineral, such as Al^ or Fe*" substituting for the Si^ ions in the 
tetrahedral network, or Ap*, Mg^* or Fe'* substituting for other cations in the octahedral 
network, typically occurs and may Impart a net negative charge on the clay stnjcture. Natural 
occurring elements within the gallery of the clay, such as water molecules or sodium or 
potassium cations, are attracted to the surface of the clay layers due to this net charge. 

Nanocomposites are compositions in which at least one of its constituents has one or more 
dimensions, such as length, width or thickness in the nanometer size range. The term 
nanocomposite, as used herein, denotes the state of matter wherein polymer molecules exist 
among at least partially exfoliated clay layers. 
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The ,e™ -intercalated nanocompo^He", as used h„el„ describes a „a„ooon,posi.e ,ha. 
contains a regular insertion between the day layers. 

T^1Z1T"1 ^ ' nanoco^posite wi^rein the 

U.^ <h,ck layers „, clay are dispersed in ,he natrix (ollgomer/poiwner, ,o„„ing a corr^site 
Structure on the nano/micro scale. '-wmposiie 

ritny.™""'^ " °' " "'""^ 

Preferably the ed,ylenica«y unsaturated monomer or oligon,er selected from tf,e group 
conststing of eti^ene, p„^y,ene. n-butylene, i-buty,ene, s^ene, substituted slnT 
»n,uga,ed Cenes, acroWn, vinyl acetate, vinylpyrrCidone, ^nyiimidazole, .aleic anh^ride 
a,kWacy,„ acidanhydrtdes, (a,M)ac* acid salts, ,a,Kyl)ac,v«c stT^' 
(mett,)acn*>nltn1,s,(a.<yOa«ylamldes.vln,.l,alidesorvinylidenehalides 

ParBcutarly .he ethylenical^r unsaturated mononters are ethytene. propylene, „-buty,ene i- 

"-"^yl =^«ne, p-meth, 
styrene or a compound of formula CH^rm \ir ■7\o u ■ 

.. '""Huia ^n2-t/Cna)-(C=2)-Rb, wherein Ra Is hvdroaen or r 

at ^as one N and/or O atom, or hydroxy-substrtuted C.-Caalkoxy. unsubstitu.ed C, 

:?:r; ^V'^-xy-substltuted C^^^^alkylamlno or hydrox . 

subst.tutedd.(C,-C,3alkyl)amino.-0-CH.-^^^^^^ 
An IS a anion of a monovalent organic or inorganic acid; 

Me is a monovalent metal atom or the ammonium ion. ' 
Z is oxygen or sulfur. 

Examples for as C.-C,ooalkoxy interrupted by at least one O atom are of formula 



o- 



. Wherein Rc is C-Cesalkyl. phenyl or phenyl substituted by C,- 



Csalkyl. R. is hydrogen or methyl and v is a number from 1 to 50. These monomers are for 
example denved from non ionic surfactants by acrylation of the corresponding alkox^ated 
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alcohols or phenols. The repeating units may be derived from ethylene oxide, propylene 
oxide or mixtures of both. 

Further examples of suitable acrylate or methacrylate monomers are given below. 




An', wherein An 



and Ra have the meaning as defined above and Re is methyl or benzyl. An' is preferably CI', 
Br ' or OaS-CHa. 
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Examples lor suitable monomers other than aaylates are N r, N 

Cf ' o, ■ 




Preferably R, is hydrogen or methyl. R, is NH.. gycidyl. unsubstituted or with hydroxy 
substituted C-Calkoxy. unsubstituted C,-C.alkylamino. di(C,-C.alkyl)amino. hydroxy- 
substituted C,-C4all<ylamino or hydroxy-substituted di(C,-C4alkyl)amino;and 
Z is oxygen. 

Also suitable ethylenically unsaturated monomers are styrene. methylacrylate. ethylacrylate 
butylacrylate. isobutylacrylate. tert. butylacrylate. hydroxyethylaorylate. hydroxypropyl^ 
acrylate. dimethylaminoethylacrylate. glycidylacrylates. methyl(meth)acrylate. ethyl(meth)- 
acrylate. butyl(meth)acryiate. hydroxyethyl(meth)acrylate. hydroxypropyl(meth)acn.late di- 
methylaminoethyl(meth)acrylate. glycidyl(meth)acrylates. acrylonitrile. acrylamide. metha'cryl- 
amide or dimethylaminopropyl-methacrylamide. 

Prefen-ed is a process wherein the ethylenically unsaturated monomer is selected from the 
group consisting of C,-C„ alkyi methacrylate. C,-C,e alkyi acylate. 2-ethylhexyl 
(meth)acrylate. isobornyl (meth)acrylate. lauryl (meth)aco.late. allyl (math)acrylate. stearyl 
(meth)acn^te. acrylic acid, itaconic acid, methacrylic acid, butadiene, vinyl acetate vinyl 
versa tate. styrene. hydroxyethyl(meth)acrylate. hydroxypropyl(meth)acrylate. vinyl aromatic 
monomers, divinylbenzene. divinylpyridine. divinyltoluene. diallyl phthalate. ethylene glycol 
d.(meth)acrylate. butylene glycol di(meth)ac.ylate. divinylxylene. divinylethylbenzene 
divinylsulfone. divinylketone. divinylsulfide. diallyl maleate. diallyl fumarate. diallyl succinate' 
diallyl carbonate, diallyl malonate. diallyl oxalate, diallyl adipate. diallyl sebacate divinyl 
sebacate. diallyl tartrate, diallyl silicate, triallyl tricarballylate. triallyl aconitate. triallyl citrate 
tnallyl phosphate. N.N-methylene dimethacrylamlde. N.N-methylene dimethacrylamide N N- 
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ethylenediacrylamide, trivinylbenzene. and the polyvinyl ethers of glycol, glycerol, 
pentaerythritol, resorcinol, monothio and dithio derivatives of glycols, and combinations 
thereof. 

Special preference is given to a process wherein an acid containing unsaturated monomer is 
added, which is selected from the group consisting of methacrylic anhydride, maleic 
anhydride, itaconic anhydride, acrylic acid, methacrylic acid, itaconic acid, maleic acid, 
fumaric acid, acryloxypropionic acid, (meth)acryioxypropionic acid, styrene sulfonic acid. 
ethylmethacrylate-2-sulphonic acid, 2-acrylamido-2-methylpropane, sulphonic acid; 
phosphoethylmethacrylate; the corresponding salts of the acid containing monomer, and 
combinations thereof. 

In one embodiment of the invention the process is carried out wherein the water phase of 
step A) is at least partially removed before performing step B). 

It is also possible that in step B) an organic solvent is additionally added. 

Preferred is a process wherein the polymerization is carried out by applying heat, at a 
temperature of from 60° C to 160*" C. 

Preferred is a process wherein the compound of formula I or II is added in an amount of from 
1% to 100% by weight, based on the weight of the clay. 

Preferably the weight ratio between the ethylenlcally unsaturated monomer added in step B) 
and the clay of step A) which is at least partially intercalated with a compound of formula I or 
II is from 500:1 to 1:5. 

In a specific embodiment of the invention the process is carried out wherein a further cationic 
compound selected from the group of cationic surfactants is added in step A). 

Typical surfactants are amino acids or alkylammonium ions. 

The amino acid surfactants transfer a proton from the COOH group to the NHg group forming 
a NH3* group which can exchange with a cation of the clay mineral. 
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For example the alkylammonium ion is CH3-(CH.)„-NH3* where n is from 1 ,o 18 I, is 
be eve. ..at the aikyammonium cations rea.i, exchange with the naturally occurrin 
cat.ons present .nbetween the clay platelets resulting In an intercalated state. 

It is also possible to repeat the process step B) with a second ethylenically unsaturated 
monomer wh.ch is different from the first one. leadng to a block copolymer. 

The clay may be a natural or synthetic clay material. 

When the clay material is a synthetic one. it may be produced by gas-phase or sol-gel 
processes, for example SiO. fe.g. Aerosi^ from Degussa; Ludox* from DuPonf Snol't 

silica [e.g.Klet>osol®), or organosols [e.g. HigWInk* OG from Olarianll. 

e.gt ClorSTta from Sou«»m Cla, ProduasJ. beldeHiles, hec.ori.es, saponi,es. „o„,roni.es 
saucor,,es, vermicull.es, ledW.es, .nagadmes,ke,n«l,es or s.«en^^^ . ' 

These matoals are commercialiy ayailaIXe in Ite nan,«l or par«ally in.ercala.ed form, 
from .he group consisting of sm«:«te, phyllosilica.e, mon.mon.loni.e. saponin beidelB.e 

crnrsir^'^.^"^'™^*----'-- 

Most preferred is montmorillonite. 

'J^T °' ' =l»y nanccomposite dispe^„„ 

ob.ainahte , a process as described above, a composi«on comprist,g an aqueous 
disperse Of a na.u,a, o, symhe.^ olay which is par.ia., in,erca,a.ed an*„ e«a,ad and a • 
compound as deschbed above and a composifion, «hi* con^ins addittonaliy an 
e.hylenicallyunsattirated monomer and/or a organic solven.. 
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Yet another aspect of the invention is the use of a compound of formula I or II for the 
polymerization of ethylenically unsaturated monomers and the use of a monomer/polymer 
clay nanocomposite dispersion obtainable according to the process as defined above as 
additive in paints, coatings, inks, adhesives, reactive diluents or in thermoplastic materials. 

The following examples illustrate the invention. 

A) Preparation Examples of the Comoounds 

Example A1: {4-[1-(4-tert-butyl-2,2-diethyl-6,6-d[methyl-3-oxo-piperazme-1-yloxy)- 
ethylJ-benzylHriethyl-ammonlum chloride (compound 101, Table 1) 



1-tert-butvl-4-f1'(4-chloromethvl-phenvn-ethoxv1'3.3-diethvl-5.5-dimethvl-pipera2ine>2-one 
To a solution of 13.4 g (0.052 mol) 1-tert-butyl-3,3-diethyl-5,5-dimethyl-piperazine-2-one-4-N- 
oxyl (prepared according to Ger. Offen. DE 19949352 A1) and 8 g (0.052 mol) 4- 
chtoromethylstyrene in 320 ml ethanol 5 g (0.00788 mol) (S,S)-Jacobsen catalyst are added. 
Thereafter 9.6 ml (0.052 mol) t-butylhydroperoxide (70% in H2O) are added followed by 4 g 
(0.010 mol) sodiumborohydride. The mixture is stirred at room temperature under argon for 
20h and subsequently evaporated under vacuum. The residue is diluted with 50 ml water and 
then extracted with 2x50 ml dichlormethane. The extract is dried over MgS04 and purified by 
chromatography on silica gel (hexane-ethylacetate 12:1). After crystallisation of the pure 
fraction from pentane 4.5 g of the title compound are obtained, mp; 66-68 °C. 

C23H37CIN2O2 (409.02) calculated: C: 67.54%, H 9.12%, N 6.85; found: C 67.58 %. H 9.16%, 



b) Quaternisation 

To a solution of 20 ml triethylamine in 20 ml acetonitrile 4 g (0.0098 mol) of the product 
obtained under a) are added. The solution is stirred for 10 h at 60 °C and evaporated. The 
solid residue is suspended in 30 ml t-butyl-methyl-ether, filtrated and dried. 4.7 g of the title 
compound are obtained as a white powder. 

^H-NMR (300 MHz, CDCI3): 7.57-7.49 m (2ArH), 7.41-7.38 m (2 ArH). 4.93-4.69 m (3H). 
3.57-3.37 m (6 H). 3.21-2.93 m (2H). 2.0-0.62 m (37 H). 

Example A2: 4-{4-[1-(4-tert-butyI-2,2-diethyl-6,6<llmethyl-3-oxo-plpera2me-1-yloxy)- 
ethy!]-benzoyl}-1,1-dimethyl-piperazirie-1-lum iodide (compound 102, Table 1) 





N 6.77%. 
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a) 1-teft-butvl.3,3.diethvl-5.5.rtimethvl-4./i4^.M-mothY i oiDera2in..i.n.^»n^^ 

oxv)-DiDerazine-2-Qne 

To a solution of 0.5 g (0.00124 mol) 4-[1-(4-.tert.-butyl-2.2-diethyl-6.6KJimethyl-3-oxo- 
piperazin-1-yloxy)-ethyl]-benzoic acid (prepared according to WO 01/02345 A2) in 10 ml 
dichlormethane 0.4 g (0.00248 mol) carbonyldiimidazol are added. The mixture is stirred for 
30 minutes under argon at room temperature. Subsequently 0.275 ml . (0.00248 mol) N- 
methylpiperazine is added and the solution is stirred for further 12 h. The solution Is then 
washed 3 x with 5 ml water, dried over MgS04. and evaporated. The residue is purified by 
chromtography on silica gel (hexane-ethylacetate 2:1) and 0.46 g of the title compound are 
obtained as viscous oil. 

•H-NMR (300 MHz. CDCI3): 7.39-7.28 m (4 ArH). 4.75-4.69 m (1 H). 4-0.65 m ( 41 H). 

b) Quaternisation 

To a solution of 1 g (0.002 mol) of the product obtained under a) in 2 ml acetonitrile 2 ml 
methyliodide. are added and the solution is stirred at room temperature for 1 h. After 
evaporation 1 .2 g of the title compound are obtained as yellow powder. 
'H-NMR (300 MHz. DMSO-d6): 7.45 s(4 ArH). 4.79-4.73 m (1H). 4.1-0.58 m ( 43H). 

Example A3: {3-[2H2,6.dlethy|.2,3,6.trlmethy|.piperldine-1.yloxy).proplonylami 
propyl)-ethyl-dimethyI.ammonium bromide (compound 1 03. Table 1 ) 

a) 2-chloro-N-f3-dimethyl amino-DrnpYl).DroDinnamiHfl 

To 12.25 g (0.1 mol) 2-chlorpropionic acid-methylester 10.25 g (0.1 mol) 3-dimethylamino-l- 
propylamine are added at such a rate, that the reaction temperature remains below 40 °C 
The mixture is stirred for 4 h at room temperature and subsequently evaporated at 40 "C/l 
mbar. Thereafter, the methanol formed in the reaction is distilled off. 18.4 g of the title 
compound are obtained as colorless oil. 

'H-NMR (300 MHz. CDCI3): 8.47 bs (NH). 4.41-4.34 q(1H). 3.40-3.34 m(2H). 2 47-2 40 
m(2H). 2.24 s (6H). 1.70-1.68 d (3H). 1.73-1.64 m (2H) 

b) 2-(2.6.diethYl-2,3 6.trimethvl-piperidine-1-vlnwWM./.^.H.m e thvlami^^^ 

To a solution of 13.85 g (0.07 mol) 2.6.Diethyl-2.3.6-trimethy|.piperidin.1-N-oxyl (prepared 
according to Ger. Often. DE 2621841) in 70 ml ethylacetate 13.9 g (0.14 mol) Cu(l).chloride 
are added under argon followed by 24.25 g (0.14 mol) pentamethyldiethylentriamine 
(PMDETA). Subsequently within 10 minutes 14.95 g (0.0735 mol) of the product obtained 
under a) are added dropwise. The mixture is stirred at room temperature for 12h. followed by 
further addition of 3.05 g of the chloramide prepared under a). 2 g CuCI and 4.3 ml PMDETA. 
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20 ml ethylacetate and 10 ml DMF. The mixture is then stirred for further 96 h at room 
temperature. The suspension is filtered and the filter cake is washed with 100 ml 
ethylacetate. The filtrate is washed with 3 x 100 ml water, then with 2x60 ml of a 1% aqueous 
EDTA-disodiumsalt-solution and dried over MgS04. The residue is . purified by 
chromatography on silica gel (hexane-ethylacetate 2:1), 7.7 g of the title compound are 
obtained as thick yellow oil 

C20H41N3O2 (355.8) found: MH* = 356,3 (APCI-MS). 
c) Quatemisation 

To a solution of 7.6 g (0.0214 mot) of the product obtained under b) in 10 ml acetonitrile 10 
ml ethylbromide are added and the solution Is stirred for 12 h at room temperature. After 
evaporation 9 g of the title compound are obtained as white powder. 

For [C22H46N302r X Br •= [384.64]x[79.904]; found M* (Caition) = 384.6 (Infusion ESI-MS) 

Example A4: {3-[2-(2,6-dlethyl-4-hydroxy-2,3,6-trlmethyl-piperidine-1-yloxy)- 
propionylamino]-propyI}-ethyl-dimethyl-ammonium bromide (compound 104, Table 1) 

a) 2-(2.6-diethvl-4-hvdroxv-2.3.6-trimethvl-piperidine-1-vloxvV.N.*(3-dimethvlaminO'DroDvlV 
propionamide 

To a solution of 21.4 g (0.1 mol) 2,6-diethyl-4-hydroxy-2,3,6-trimethyl-piperidine-1-N-oxyl 
(prepared according to Ger, Offen. DE 19909767 A1) in 50 ml DMF 19.8 g (0.2 mol) Cu(l)- 
chloride are added under argon. Subsequently 34.7 g (0.2 mol) pentamethyldiethylentriamine 
(PMDETA) and 22.1 g (0.11 mol) 2-chloro-N-(3-dimethylamino-propyl)-propionamide 
(prepared according to example A3) are added within 20 minutes. The temperature during 
addition is kept below 40 ^'C, The mixture is stirred 4 h at room temperature followed by the 
addition of 500 ml water and 150 ml dichlonmethane. The organic phase is separated and the 
water phase is extracted with 2x100 ml dichlormethane. The organic phases are washed with 
5x100 ml water, then with 3x60 ml 1% aqueous EDTA-Disodiumsalt-solution. dried over 
MqSOa evaporated. 33.55 g of the title compound are obtained as thick yellow oil. 

'H-NMR (300 MHz, CDCI3): 7.34-7.14 bs (1H). 4.29-4.20 m (2H), 3.6-3.1 m (2H). 2.6-0.83 m 
(30H). 2.22 s (6 H). 

b) Quatemisation 

To a solution of 28.35 g (0.076 mol) of the product obtained under a) in 25 ml acetonitrile 25 
ml ethylbromide are added and the solution is stirred for 12 h at room temperature. After 
evaporation 36.5 g of the title compound are obtained as white powder. 
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For (C.H.eN303r x Br = [400.626Jx[79.904]: found M*(Kation) = 400.4 (Infusion ESI-MS) 
Example AS: I3-(2-{.N.-.tert.-buty|..N.^^^ 

a) (1-Pert.-hutYKl-n.dimethv.amlno.nronvl..rfaam 

Phosphonir acid diethy l pctar ^ ^ 

Fro™ 5.01 9 (0.0,7 n,„» N.a,.Di„,.^emy.W,K«emylphosphono-2.2^:„emy,pr^^^^^^ 
oxy^ pr^ared acconc«„g .0 Mae™™,«:„„s (2000), 33(4). 1,4,.„47,, 3.35 g ,0.034 1) 
cue 5., g (0.034 ™„ PMDETA .nd 3.^ , (0.0,.6 ^ a<.o™.^^,3.2U^ 
propy„-prop„nan,K.e (prepaid ,cco«ft,g ,0 ,»™p,e A3) „ ,0 ml DMF S.eg 0, ,he me 

_b) Quaternisatinn 

TO a solution o, 4.95 g ,0.0, , mol) o, me product obtai^d under ,) ,„ 23 m, acetonitnta 3 3 
n,, a,h,bron,ide are added and t^e eotut^ ,s stirred ,or ,7 . at room ,empe«ture 
uspensron ,s evaporated, the residue is stranded ,n In 25 m, «hy,ether and fflterad 5.45 
got the titie compound are obtained as a wtiito powder. ' 

E«mple A6: (3-P.6-Dle.hy|.2.3,Mrtmethv^1-(,.ph,nyl^tt,o=q,,.piperidi„e-4^^^ 
an,,„ooxy,.pr.py,>e,hy,^,„.,,,,_,„^,„„,^ , ^ 

. , „ I 

TO a Slurry ol.'soaum hydride ,4.35 g. 0., m^, 55% in minerai oil, in DMF (30 ml, is added - 

ZZs s o' oT^, °' ^■^^''•"■-'--^■'-"-PKen,.,hoxy,-pipe.dine.4 J 
ow,e (,6.6 g, 0.05 mol, prepa,«, as d,scr,b«, in WO 02/10083, A„. The mi«u,e is stirred 

50 ,h,„ „25 C and .hen 3^lme.h^inopropy^,oride (9.48 g, 0.06 mol) is added during' 
, h. Th, moaure ,a sarrid a, room temperatur, to, ,8 h, the DMF Is then evaporated in 
va«.o^Th, re.due Is .«sso,v«, m elh^ acetate (1(» ml), washed with water (2x25 ml, dried 

7L7^\^S T'"- '^"'^'^ - oolumn (hexane.th,a;etate 

,.„ affords 12.55 g o( the title compound as a ooloHess oil. 
MS (DEP-Cl), CasKiaNsO, (417.64): found 418 (100, [M+HD. 



BMSDOCIDkWO..^ 2004000809A1 I > 



wo 2(M)4/00()809 



-30- 



PCT/EP2(MI3/(MI637(» 



Quaternisation 

Ethylbromide (7.5 ml) is added to a solution of 2,6-diethyl-2,3,6-trjmethyl-1-(1-phenyl- 
ethoxy)-piperidine-4-one -0-(3-dimethylamino-propyl)-oxime (10.2 g, 0.0244 mol) in 
acetonitrile (12 ml). The solution is stirred 24 h at room temperature and is then evaporated. 
The residue is dissolved in dichloromethane, dried over MgS04 and evaporated to afford 
1 1 .5g of the title compound as a white powder. 
MS (ESI), cation C27H48N3O2 (446.4): found 446.9. 

Example A7: {3-[2-(2,6-Diethyl-4-hydroxy-2,3,6-trimethyl-piperldine-1-yloxy)-propfonyl- 
ammo]-propyl}-ethyl-dimethyl-ammonlum-broniide-terephthaiate (Compound 107, 
Table 1) 

a) Terephthalic acid bis-(2.6-diethvl-2.3.6-trimethvl-Diperidine-N'0Xvl-4-vn ester 
Terephthaloylchloride (12.2 g, 0.06 mol) is added dropwise to a solution of 2.6-diethyl-2,3.6- 
trimethyl-piperidine-4-hydroxy-N-oxyl (25.72g. 0.12 mol, prepared as described in DE 
19909767 A1) in dichloromethane (80 ml) and pyridine (30 ml). The mixture is stirred 72 h, is 
then diluted with dichloromethane (100 ml) and water (100 ml). The organic layer is washed 
with water (2x 50 ml), dried over MgS04 and evaporated. The residue is chromatographed 
on silica gel column (500 g. hexanes-ethylacetate 4:1) to afford 31.85 g of the title compound 
as a thick red oil. ^ 

b) Terephthalic acid bis-(1-ri-(3>dimethvlamino-propvlcarbamovl)-ethoxv1-2.6-diethvl-2.3.6- 
trimethvl-piperidine-4-vl) ester 

Terephthalic acid bis-(2,6-diethyl-2,3,6-trimethyl-piperidine-N-oxyl-4-yl) ester (16.76g, 0.03 
mol), CuCI (11.9 g. 0.12 mol). PMDETA (20.8g. 0.12 mol) and 2-chloro-N-(3-dimethylami-no- 
propyl)-propionamide (13.7g, 0.071 mol) are reacted as described in Example A3 to afford 
21 .1 g of the title compound as ammorphous solid. 
MS (APCI). C48H84N6O8 (873.24): found M*=872.8 
c^ Quaternisation 

Ethylbromide (7.5 ml) is added to a solution of terephthalic acid bis-{1-[1-(3-dimethylami-no- 
propylcarbamoyl)-ethoxy]-2.6-diethyl-2,3,6-trimethyl-piperidine-4-yl} ester (1 1 .Og, 0.01 25 
mol) in acetonitrile (20 ml). The mixture is stirred at room temperature for 17 h and is then 
evaporated to afford 14.1g of the title compound as a colorless amorphous solid. 
MS (ESI), cation CszHgANeOe- (930.7): found 931 .8. 
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Example A8: EthyH3-[2K4.hydroxy-2.2.6.6-tetramethy|.plperldine-1.y,oxy)-propl^ 
nylamino]-propyl}-dimethy|.ammonlum-bromlde (Compound 108. Table 1) 

^ '^-^3-D''^ethYlam^no.propy|).p.(4.hvdroy^^2■2■6■6.tmr.motKy ■. ptoeriHin..1^ 

pionamide — — 

4-Hydroxy-TEMPO (25.84 g. 0.15 mol). CuCI.(29.7g. 0.3 mol). PMDETA (52.0 g . 03 mol) 
and 2-chloro-N-(3-dimethylamino-propyl)-propionamide (35.75g. 0.18 mol) are reacted as 
described in Example A3. The final purification of the residue after the extractive workup is 
performed by crystallization from toluene(45 ml) and hexane (50 ml) to afford 31.13 g of the 
title compound as a white solid, mp. 85-88 °C. 

For CHasNaOa (329.49) calc%/found %: C 61.97/61.85. H 10.71/10.55. N 12.75/12 61 

b) Quaternisatfon 

Ethylbromide (9^85 ml) is added to a solution of N-(3-dimethylamino-prop^)-2-(4-hydroxy- 
2.2.6 6-tetramethyl-p,peridine-1-yloxy)-propionamide (10.9 g. 0.033 mol) in acetonitrile (30 
ml). The mixture is stirred at room temperature for 22h and is then evaporated to afford 14 7 
g of the title- compound as a colorless amorphous solid. 
MS (ESI) cation C,9H4oN303 (358.3): found 358.6 

Example A9: {3.I2-(2.6^rethyI.4.hydroxy.2.3.6-trim^^^^^ 

prop.onylamfno].propylhethylKilmethyl-ammonium.bromide (Compound 109 Table 1) 
Ethylbromide (12 ml) , is added to a solution of 2-(2.6-diethy,-4-hydroxy-2.3.6-trimethyl- 
p.per,d.ne-1-yIoxy).N-(3.dimethylamino.p«,py|).2.methyl-propionamide (20.5 g 0 053 mol 
compound 110) in acetonitrile (35 ml). The mixture is stirred for 18 h at room temperature 
and IS then evaporated to afford 26.63 g of the title compound as a colortess solid 
MS (ESI) cation C23H48N3O3 (414.4): found 414.5 

Example A10: 2-(2.6.Diethyl-4.hydroxy.2.3.6.trlmethy|.plperidine.1.yloxy)- N ^3- 
d,methylamino.propyl)-2-methy|.proplonamlde (Compound 110. Table 1) 

a)2-Bromo-N-f3-dimethvlamino. prn Dv».2.^Pth»l.p rnpi»no»,iH. 

To a solution of 3-dimethylaminopropylamlne. (25 ml. 0.1 mol) in THF (50 ml) was added 
dropwise over 50 minutes and while keeping the temperature between O-io 'C 
bromoisobutyroyi bromide (23.0 g. 0.1 mol). The mixture is stirred for another 3 h at room 
temperature and the THF is then evaporated in vacuo. Water (20 ml) is added to the residue 
and the mixture is extracted with t-butyl-methyl ether (2 x 30 ml) and ethylacetate (30 ml) 
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The combined extracts are washed with saturated NaCI solution (10 ml), dried over MgS04 
and evaporated to afford 24.1 g of the title compound as a colorless oil. 
'H-NMR(300 MHz. CDCI3): 8,51 (bs. NH). 3.39-3.34 (m, CH2). 2.47-2.43 (t. CHg), 2.25 (s. 2 x 
CH3), 1 .94 (S.-2 X CH3), 1 .72-1 .64 (m. CH2) 

b) 2-(2.6-Diethvl-4-hvdroxv-2.3.6-trimethvl-DiDeridlne-1-vloxvVN-f3-dimethvlamino-proDvh-2> 
methvl-propionamide 

2,6-diethyl-2,3,6-trimethyl-piperidine-4-hydroxy-N-oxyl (12.86 9, 0.06 mol. prepared as 
described in DE 19909767 A1), CuCI (1 1.9 g, 0.12 mol), PMDETA (20.8 g, 0.12 mol) and 2- 
bromo-N-(3-dimethy!amino-propyl)-2-methyl-propionamide (16.5 g, 0.066 mol) are reacted as 
described in Example A3 to afford 23.6 g of the title compound as a white amorphous solid. 
'H-NMR (300 MHz, CDCI3): 7.4-7.25 (bs, NH), 4.19-4.11 (m, 1H). 3.44-3.24 (m. 2H). 2.39- 
0.79 (m, 39H). 

Example A1 1 : Benzyl-{3-[2-(2,6-diethyl-4-hydroxy-2,3,6-trimethyl-piperidlne-1-yloxy).2- 
methyl-propionylamino]-propyl}-dimethyl-ammonium-chloride (Compound 111, Table 
1) 

Benzylchloride (0.87g, 0.0069 mol) is added to a solution of 2-(2.6-diethyl-4-hydroxy-2,3,6- 
trimethyl-piperidine-1-yloxy)-N-(3-dimethylamino-propyl)-2-methyl-propionamide (2.2 g, 
0.0057 mol, compound 110) in acetonitrile (3 ml). The mixture is stirred for 19 h at room 
temperature and is then evaporated. The residue is triturated with diethylether to remove the 
excess of benzylchloride, the solid is filtered off and dried to afford 3.0 g of the title 
compound as a colorless amorphous solid. 
MS (ESI) cation C28H50N3O3 (476.4): found 476.4 

Example A12: Benzyl-{3-[2-(2,6-diethyl-4-hydroxy-2,3,6-trlmethyl-piperidlne-1-yloxy)- 
propionylamino]-propyl}-dlmethyl-ammonium-chloride (Compound 112, Table 1) 
Benzylchloride (3.8g. 0.03 mol) is added to a solution of 2-(2.6-diethyl-4-hydroxy-2.3,6- 
trimethyl-piperidine-1-yloxy)-.N.-(3-dimethylamino-propyl)-propionamide (10.1 g. 0.0272 mol) 
in acetonitrile (15 ml). The mixture is stirred for 18 h at room temperature and is then 
evaporated. The residue is triturated with diethylether to remove the excess of 
benzylchloride, the solid is filtered off and dried to afford 13.1 g of the title compound as a 
colortess amorphous solid. 

^H-NMR(300 MHz, MeOH-d4): 7.60-7.51 (m. GeHs). 4.56 (s, CHg). 4.25-4.15 (m, 2H), 3,35- 
3.29 (m. 4H). 3.06 (s, 6H). 2.15-0.80 (m. 29H). 



wo 2(l()4/(MM»X(,i; 

PCT/EP2»«J/(I«6J70 

-33- 

Example A13: TributyK3.[2-(2.6.d.ethyI-4-hydroxy.2 3 S-tri^ 

a) 2-Bromo-prnn,onic aniri .-^.h, prnpyl r I, , 

3-Bromopropanol (10.75 g. 0.075 mol) is added over 20 minutes to a .o. t , o 
bromopropionvlbromide Mr q « n . mmuies to a solution of 2- 

H P ""y'^™^'^^ (17.9 g. 0.079 mol in toluene (75 ml) while l<eeDinnth«. 
between 15-20 °C The mivti.ro io . Keeping the temperature 

compound as a colorless oil 9 of the title 

^z::r:z: ^"■^^••'^■^^-^•^^ --^>' --^ (. ch., 2.27.2.19 (m. ch. 

2.6-diethyl-2.3.6-trimethyl-piperidine-4-hydroxy.N-oxyl (10 7 o 0 05 i 

described in DE 19909767 AD CuPl q . . P'^P^""^^ 

°' Mi;, CuCI (9.9 g, 0.1 mol), PMDETA f17 « n i 

bromo-propionicadd 3-bromo-propyl ester (17 a o J. ^' 

acetonitrile (5 ml) The snlnfion i» *• ^ ^ 9' ""o' in 

I mi;. The solution is stirred under argon at 60" C for 23 h tho , • 

evaporated and the residue is triturated with diethyl eL (2 x 15 ml tl " 
the phosphine. Drying of the oilv in eth^r *° ^^-^^^^ the excess of | 

/ a ui ine oiiy. in ether insoluble, residue afford«! r^h; « »u . . ^ 
compound as a thick resin 9 °^ the title 
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The compounds are summarized in Table 1 
Table 1 



No 


Structure 


No. 


Structure 


101 




102 




103 


O^^N'^-^nK Br 
H 1 \ 


104 




105 


Y 

O-^N^^^It-/ Br' 

LJ i 


106 


T 


107 


0 \=/ n 

Br- "s^ Br- 


108 


O^tjlH^P Br" 
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B) Application FxamHte. p.»^. »-,^ .„,, , . 
Polymerization of n-buty. acrylate with ca«onic alkoxyaminesi!^ 

.^a.) is ... .3 :r ^^^^^ - 

w.th mtrogen 3 times and polymerized at HO'C (examples Bl ' 

under good stirrino The mni,o«- ■ le'^a^Ples B1-B4) in an oil bath for 7-20 h 

yuuu 8,iirnng. i he conversion is measured bv 'H-NMR m o«w opm • . 
values are relative to PS-standard. Th , " "^^^ ^HF. 

standards. The polymerization results are presented in Table 2 
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Table 2 



NOR 


Time 


ConversionUmsatz 

% 

(^H-NMR) 


M„ 

(found) 


PDI 


Example B1 
Compound 101 


17 h 


90% 


6980 


1.47 


Example B2 
Compound 102 


20 h 


78% 


5470 


1.24 


Example B3 
Compound 103 


7h 


70% 


6660 


1.68 


Example 84 
Compound 104 


7h 


60% 


5080 


1.46 


Example 85 
Compound 106 


7h 

120»C 
7H 

140°C 


42% 
94% 


3770 
6600 


1.35 
1.49 


Example 86 
Compound 107 


22h. 
140''C 


76% 


4000 


1.88 


Example 87 
Compound 110 


5h 

uo-c 


71% 


6150 


1.21 


Example 88 
Compound 111 


7h 

HO-C 


65% 


6270 


1.34 


Example 89 
Compound 112 


7h 

140°C 


58% 


3680 


2.18 



The results presented in Table 2 clearly show that all compounds are able to initiate a 
controlled polymerization of n-butylacrylate. 

C) Application Examples Intercalation of sheet silicates with cationic NOR's 

Example C1: Intercalation of Nanofil EXM 588 (Layered silicate of Montmorillonite-type from 

Sud Chemie, Germany) with compound 101. 

In a 50 ml round bottom flask 2.0 g Nanofil EXM 588 is dispersed in 30 ml of a 0.05 M 
solution of compound 101 in water and stirred with magnetic stirring during 24 h at R.T. After 
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camrlfugallon (lEC Ce„„a GP8 2en,«ug,, 100-180 ml glas^ ««ete) „i,h 2000 

::::: retrr;:::::- ^"--^--vo. co.;^: ;:; : 

"'9 '02 mmol) for 1 g of layered silicate 
nT::~^^^^^ ^ - -er. ce.rif..a«on ar,. 

p... is su.ec:: : r " r ~- ^^^^^^ 

20 -3 86" whi.h ^ ^ '"^i" reflection at 

20 3.86. which corresponds to ar,interlayer distanced of 2 29 nm rnmn ^ -u 
native sheet silicate (20^,-7 r -> d i p/ . 

a..ostco.p,ete,Xpeare"d ' "'^^^ *° ^'^^ 

In order to check the adsorbed quantity of intercalated compound 101 a . . • 
completely dried in vacuum and the w^.oht i«o ^ . • » sample is 

Examples C2-C5 are carried out In analogy lo Examole ci ih» ■ 

in,e.oala,edln.Nano,,IEXM588:^.:J:;r,rTrer^^ 

Table 3 
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*based on the total weight layered silicate + NOR compound 

D) Application Examples Polymerization of Intercalated Sheet Silicates with Cationic 
NORs 

Example D1 : In a 50 ml round bottom flask with magnetic stirring and vacuum and nitrogen 
inlet 0,5 g with compound 101 intercalated Nanofil EXM588 in 9.5 g n-butyl acrylate (BASF, 
techn. quality) and 4.28 g 2-methoxypropyl acetat is dispersed and homogenized in an 
ultrasonic bath. After evacuation and purging 5 times with Na, the monomer is polymerized 
during 9 h at 140*C (bath temperature) under vigorous stirring. The monomer conversion, 
deterniined by ^H-NMR, is 85%. The dispersion is subjected to centrifugation at 2000 rpm 
^ during 60 min and the sedimented solid washed with EtOAc and dried. 57 mg are obtained. It 

is shown using TGA (see ex. 6: weight loss 25^ to 600^C: 26%, theory: 23%) that the solid is 
pure intercalated Nanofil EXM 588 with compound 101 and does not contain polymer. 
The supernatant solution is evaporated and dried. According to TGA analysis the 
composition contains approximately 10% layered silicate and 90% polymer. 
The X-ray analysis of the solid gave only peaks at 20 > 10^ which indicates complete 
exfoliation. A sample (150 mg) of this solid is refluxed with 15 ml 0.1 M LiBr solution in THF 
during 17 h at 65**C, to cleave off the polymer from the sheet silicate. After filtration molar 
mass (Mn) and PDI is determined by GPC in THF (relative to PS-standards): Mn=18000. 
Mw=38600. PDI=2.15, 

The supernatant solution can be centrifuged during many hours (2000 rpm, corresponding to 
® ca. 850 g). without further sedimentation. Even after 10-fold dilution with EtOAC it is stable 

for months (no sedimentation observed) which proves the nm size of the particles, indicating 
complete exfoliation. 

Comparative Example D-Com. 

The experiment is performed in analogy to example 1 using 0.5 g with a,a'- 
azodiisobutyramidine-dihydrochloride intercalated Nanofil EXM588 in 9.5 g n-butyl acrylate, 
without further solvent. Polymerization: 3 h at 80*'C (bath temperature). 
The dispersion is diluted with 240 ml toluene and 20 min centrifuged at 2000 rpm. After 
washing and drying 0.35 g of a solid is obtained which corresponds according to TGA 
analysis to pure with a,a*-azodiisobutyramidine-dihydrochloride intercalated Nanofil EXM588 
and contains no polymer! 
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The supernatant solution is completely evaporated and the residue dissolved in 150 ml THF. 
Centrifugation 1 h with 2000 rpm gives again 50 mg with a.a'-a2odiisobutyramidine- 
dihydrochloride intercalated Nanofil EXM588. After evaporation of all solvent and drying 24 h 
at eO'C in vacuum 2.0 g polymer with ca. 0.1 g with a,a'-azodiisobutyramidine- 
dihydrochloride intercalated Nanofil EXM5881 is obtained In accordance with the TGA 
analysis: Weight loss 25" to SOO-'C: 97% (calculated: 96.5%). 

A sample (150 mg) of this solid is refluxed with 15 ml 0.1 M LiBr solution in THF during 17 h 
at 65°C in order to seperate the polymer from the sheet silicate. Afterguards the solution is 
filtered and M„ and PDI determined by GPC in THF (relative to PS-standards): M„=658000. 
Mw=1 360000, PDI=2.06. 

The comparison of inventive example D1 with comparative example D-Com shows that the 
exfoliation of the layered silicate using intercalated NOR (ex. 1) followed by controlled radical 
polymerization is much more efficient: Firstly a much higher monomer conversion (85% 
compared to 20%) is obtained; secondly only a small amount of the layered silicate is not 
exfoliated (11.4% compared with 80% in ex. 1). which can be explained by an efficient 
initiation in all layers, and thirdly the formed polymer has a much lower, controlled molecular 
weight. 



Example D2: In analogy to example D1. the controlled radical polymerization of styrene is 
used to exfoliate the sheet silicate Nanofil EXM588. intercalated with the cationic NOR 
compound 104. The exfoliated sheet silicate contains 66 wt.% polystyrene and 34 wt.% 
sheet silicate as measured by TGA. The attached (onto the sheet silicate layers) polystyrene 
has a molecular weight of M„=2050, M^OIO (GPC analysis). 

Example D3: In analogy to example D1, 10 g with compound 104 intercalated Nanofil 
EXM588 (ex. 7). 40 g n-butyl acrylate (BASF, techn. quality) and 120 g 2-methoxypropyl 
acetat is dispersed in a 350 ml round bottom flask with an ultraturax mixer during 25 min. 
After evacuation and purging 5 times with Na. the monomer is polymerized during 18 h at 
^40^>C (oil bath temperature: 155°C) with mechanical stirring. The monomer conversion, 
determined by 'H-NMR, is 33%. The dispersion is diluted with 100 ml EtOH and subjected to 
centrifugation at 2000 rpm during 60 min. 2 products, consisting of exfoliated sheet silicate 
with attached polymer are obtained: 
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The sedimented solid is redispersed in EtOH. centrifuged (1 h at 2000 rpm) and the 
sedimented product dried in high vacuum at SO'C over night. 11.4 g of a grey solid is 
obtained. Weight loss measured by TGA (25° to 600**C. 10**C/min) gives 46 wt.% polymer 
attached to the sheet silicate (54 wt.%). In order to determine the molecular weight of the 
attached poly(n-butyl acrylate) chains, a sample (150 mg) of this solid is refluxed with 15 ml 
0.1 M LiBr solution in THF during 17 h at 65°C. GPC gives a molar mass Mn of 3380 and 
Mw=5150, corresponding to a PDI of 1.52 and therefore the polymerization is well controlled. 
The supernatant solution is also evaporated and dried: 18.75 g solid. Weight loss measured 
by TGA (25° to 600**C, 10°C/min) gives 60 wt.% polymer attached to the sheet silicate (40 
wt.%). The determination of the molecular weight of the attached poly(n-butyl acrylate) 
chains by GPC gives a molar mass of 2340 and Mw=4140, corresponding to a PDI of 
1 .77. Also in this fraction, the polymerization is well controlled. 

The X-ray analysis of both samples give only peaks at 20 > lO"*, indicating complete 
exfoliation. 

Example D4: In analogy to example D3, 7.5 g with compound 111 Intercalated Nanofil 
EXM588 (ex. 9). 40 g n-butyl acrylate (BASF, techn. quality) and 120 g 2-methoxypropyl 
acetat is dispersed in a 350 ml round bottom flask with an ultraturax mixer during 25 min. 
After evacuation and purging 5 times with N2, the monomer is polymerized during 19 h at 
140**C (oil bath temperature: 155**C) with mechanical stirring. The dispersion is put into a 
rotavap and all the solvents are evaporated. The highly viscous solid is than put into a 
Soxhiet extraction apparatus and continuously extracted with 300 ml EtOAc during 18 h. The 
remaining solid is dried in high vacuum at 90''C over night: 15.5 g of a grey solid Is obtained. 
Weight loss measured by TGA (25** to 600**C, 10°C/mln) gives 64 wt.% polymer attached to 
the sheet silicate (36 wt.%). The determination of the molecular weight of the attached 
poly(n-butyi acrylate) chains by GPC gives a molar mass Mn of 2530 and Mw=40gb, 
corresponding to a PDI of 1.62. indicating a well controlled polymerization. 
The extracted fraction (7.1 g) contained 86 wt.% polymer and 14 wl.% sheet silicate (TGA- 
analysis) and a molecular weight for the attached poly(n-butyi acrylate) chains of Mn of 2470 
and Mw=4070 (PDI=1.65). 

In both fractions the polymerization is well controlled and the sheet silicate completely 
exfoliated (X-ray analysis). 
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chains of Mn=3270. This is in perfect agreement with the observed molecular weight and 
corroborates again the perfect control of the polymer chain length by this method. 
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Claims 

1. A compound of formula (I) or (II) 

•-r-Gi /L3— (Q*X-)r 



(Q* X-)q 



N-0 (I) 



(II) 



wherein 



'2 



Q. and G,Mependently,ep«se«Medary cart»,a.om,o Which unsubsmu^^^ c a,. , 
or pheny, or wl(h CN. COC,-C,^kA CO^y,, C0OC,.C„*vl OC C TrM?! 

G, and altogether With the nitrogen atom to Which they a™ bonded fonn a 5.. k . 

: ----- - :rrr jrrt 

Ciealkyl. C.-C.salkoxy or =0 groups; and ' 

which may be interrupted by a further oxygen or nitrogen atom- • 
with the proviso that at least one of the 4 r r ^ ' 

ato. is higher a,.y, than .e,hy,: ""^ " '» *°8en 

L,. U and L, ia a linking group selected from the group conslstftrg of 
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a direct bond, Ri-Y or R2-C(0)-Y- where Y is attached to Gi and/or G2; CrCasalkylene, 

\ 9 
Cz-Czsalkylene interrupted by -0-, -S-, -SO-, 'SO2-, ^N— R3 , 



O O 
_Q_0— • — C— N — . phenylene and Cs-Cscycloalkylene; 

k 

Y is O, or NR9 

La is a group containing at least one carbon atom and is such that the radical •L3-(Q^X') 
derived from the group is able to initiate polymerization of ethylenically unsaturated 
monomers; 

Q2 is a direct bond, O, NRs or NRsRs; 

is a cationic group selected from the group consisting of 



1^ /NH R5 

— N-Re . — \ ^ X', — P^R, X" . —V X" . —\ H-Rit 

Re R7 ^ Rb 



and 



wherein 

Ri is Ci-Cisalkylene^ 
R2 is a direct bond or Ct-Ciaalkylene, 
R3 is hydrogen or CrCiealkyI, 
R4 is hydrogen or d-Ciaalkyl, 

R5, Re and R7 are each Independently of the others hydrogen, CrCisalkyl. 

C3-Ci2cycloalkyl, phenyl or Cy-Cephenylalkyl or Ce-Cioheteroaryl which all may be 

unsubstituted or substituted by halogen, OH. NO2, ON. CrC4alkoxy, or 

R5, Re and R7 together with the nitrogen or phosphor atom to which they are bonded 

form a 3-12 membered monocyclic or polycyclic ring which may contain further 

heteroatoms; 
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R. IS mos.. or C-C^alk^, c.<»aM Henu^ by oxygen, sulfu, or' by 



\ 

^N— R, :orCi-C4alkenyl. 



R. IS hydrogar,. C,-C„alkyl, C^Calkanyl. C,.C„a,kiny,. p^eny,. (VC^henyuiW 



R22 is CrCiealkyl; 



X- is the anion of a C,.C,ecarboxyllc acid which may contain more than one r.rh ■• 

' 0 - - one . 

2. A compound according to dalm 1 wha«in in fonnula I or II -L,(Q-)n -UQ'XI and 
■MQ-Xl.areagroup * ). W X ).and 

.7^^ J Wherein 

K, and K, ar, hydrogen. C.-C^IKy,, C.^,^,ky,. pnen^ C^Cphenylalky, and 
K, Is a group ^K. or -Q_^^<^ where 

V ''„'';i'°"'-'="'«'="^-''- Xl-OH,.CHHCHrf..N- x or 

^eras«anumber0.8,,,aa™,„berw.nduls0or1 andy^^-orNR. „ 



K.lsagroop -y-^o'x- • -vhQn.r. x" or -N^ or 

Z IS -C(0)- or a direct bond, 

if Z is -C(0)-, Kg has the same meaning as K*. 

if Z is a direct bond. Ks is Y-CH.-CHOH-CH.-N* R,R, X--{({CH.-CH3)-(CH.L-N^ R,R x i CH 
CH..(CH.),-N*R3R,R,x-LQX-CH.Q*Xor-CHCH3QX- «^^«X^.-CH. 
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and Y is -0-, -NRg or a direct bond; 

Rs NH 
Q*X is — N^Rfi X" , — \ X-.and 

the other substituents are as defined in claim 1. 



3. A compound according to claim 1 of fomiulae la, lb, Ic, Id or le 
*4 '3 '9 t; I3 T; T3 



(la) (lb) 



(Ic) 



(Id) («^) 

wherein 

Qi is a direct bond or a -CH2- group; 
if Qi is a direct bond, Te is hydrogen, 
if Q| is -CH2-, Ta is methyl or ethyl; 

Ti. T2, T3 and T4 are independently methyl or ethyl with the proviso that at least one is ethyl; 
T7 and T10 are independently hydrogen or methyl; 
T5 and Te are hydrogen or 

T5 and Te together are a group =0, =NOH. =NO-T9 or 

Ts is hydrogen and Tg is -O-T9 or -"NR9-T9 where Tg is hydrogen. R9 or -C(0)-R9 . where Rg 
is hydrogen. CrCiealkyl. Ca-Ciealkenyl. Ca-Caalkinyl, phenyl, Cy-Csphenylalkyl, which may 
be unsubstituted or substituted by one or more hydroxy, halogen or Ci-C4alkoxy groups; 
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T„. T,,. T 3 T.. T„ and independently are C-Cealkyl. C3-C,aalkenyl. Ca-Calkinyl. Cs 
Cijcycloalkyl. phenyl or CT-CsphenylalkyI; or 

T„ is hydrogen and T. is a group -P(0)(OCHs), and the others are as defined above- 
or T., and T,. are a group -CH,-0-T, and the others are as defined above- or 
T,e IS a group -C(0)-Y-R5 and the others are as defined above; or 
Ti„ T,2 and T,3 are a group -CH2OH,- 
-L3(Q*X"), is a group 

wherein 

K, and are hydrogen. Cs-C,acycioalkyl. phenyl or CVCrf,henylalkyl and 
K3 is a group -COK4 or — ^-z-k, where 

K. is Y-[(CH.-CH.)-(CH.),.N^ R^R^ X>CH.-CHHCH.).-N^ R,R,R, X or 
-Y-CH.-CHOH-CH.-N W^[(CH.CH.)^^^^^^^^ 

where s and t is a number 0-4 and u ISO or 1;.or "sHsH^X),. 
K^isagroup -y-^q^x" . -V-nQN^R, x' or -nHn^-'x- or 



A 

Z IS -C(0)- or a direct bond, 

if Z is -C(0)- Kg has the meaning of K4. 

CH2-(CH2)s-N* RsReR, X-}„. QX -CHaQ^X" or -CHCHaQX- 
Y is -O- or -NR9; 



Q^X is -N^R, X ^ x-.and 



R, N-R, 



X- and the other substituents are as defined in claim 1. 

4. A compound according to claim 1 of formula lla. lib, lie, lid or lie 
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K, '^'yll(' A, A, "^^Jl^^^ K, 



K3-(-0-N Vy 



^ T' T ^2 Aj T^T 

'3 '4 '4 '3 



(lla) 



J1J7 T, T, 

'3 '4 '4 '3 



(lib) 



K3— j-O— ^N-O— [— D — 0-N=^ N— 0-|-K, 



(lie) 



4T« Aj Aj T/T3 



(lid) 



Ki ^'y^° A, A, ^iv"^^ K, 

K3— |-0-N NMCHjCH2(CH2),0-]„— ]-D-f-(-0-CH2CH2(CH2).l5-N N-O-f-Kg (He) 
jX/ A, A, V^T 

'3*4 • -> 



•3 '4 



wherein 

Ai and A2 are independently liydrogen or together with the carbon atonr) to which they are 
bonded form a carbonylgroup, -C(0)-; 

D is a direct bond or d-Ciaalkylene, Ci-Cizalkylene which is interrupted by one or more O, 

S, or NR9 atoms, C5-Ci2cycioall<ylene or phenylene; 

E is a group -NR9-(CH2)x-NR9- where x is a number from 2 to 12 or a group 

— Y N Y_ 
V is a number from 0 to 10 and w is 0 or 1; 
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Q, is a direct bond or a -CHj- group; 

if Q, is a direct bond. Tg is hydrogen, 

If Q, is -CHz-, Ta is hydrogen, methyl or ethyl; 

Yis-aor-NRg; 

T,. T. T3 and T, are independently methyl or ethyl with the proviso that at least one is ethyl- 
T7 IS hydrogen or methyl; ' ' 

-L3(Q*X ), is a group 

.^^^*C.J wherein 
K/ IS 

K, and Ka are hydrogen. Cs-C„cycloalkyl. phenyl or C-Csphenyialkyl and 

K3isagroup.COK4or ,,here 

K. is Y-f(CH3-CH,HCH,)3-N^ r^r, X1.-CH..CHHCH.),-N* R,ReR, Xor 

where s and t is a number 0-4 and u is 0 on; or (CH.)^ N RsReR, X }„. 

K^isagroup -v-^o^x" • -V-^.H x" or -C<"x- or 

Re 

. Z is -C(0)- or a direct bond, 
if 2 is -C(0)- Ks has the meaning of K4 

CHHCHaVN R5R6R7X}„,QX.-CH2Q*X-or-CHCH3QX 

,NH 

X- and the other substituents are as defined in claim 1 . 

5. A compound according to daim 1 of fom^ula Ilia. Illb. Illc. Illd or Hie 
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K-O-N 




Ki-O-N 




N-R, X 



Ke-O-N 




N-O-K 



(Ilia) 



(lllb) 



(illc) 



K,-0-N 




O-K, 



Ke-O-N 




I— (CHjCHjCCHj)^©-]^— 



(Hid) 



(Hie) 



Ti, Tj, T3 and T4 are independently methyl or ethyl with the proviso that at least one is ethyl; 
T7 is hydrogen or methyl; 

Y is O or NRg; 

Qi is a direct bond or a -CH2- group; 
if Qi is a direct bond, Te is hydrogen, 
if Qi is -CH2-. Ta is methyl or ethyl; 

V is a number from 0 to 10 and w is 0 or 1; , 

K7 is a group -CH2-CHOH-CH2-N* RsRe X -{[(CH2-CH2)-(CH2)3-N* RgRe X>CH2-CH2-(CH2)s- 
N^RjReRr Xlu , 

where s and t is a number 0-4 and u Is 0 or 1 ; or a group -D,- Q* X" where 

Di is Ci-Ci2alkylene, Ci-Ci2alkylene which is interrupted by one or more O. S. or NRg atoms, 

C5-Ci2cycloalkylene or phenylene; 



CsCycloalkyOzCCN. (Ci-CzalkyOjCCN. -CHaCHsCHa, (C,-C,2)alkyl-CR3o-C(0).(C,-C,2)alkyl. 




Ke is is selected from the group consisting of 
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CP n o : ' " * <='*«''»<V.-CR»^(OHC,-C„,aiKoxy, ,c,.C„,a,Kv,. 

MH,r r '^'■^■*"^-==''»<^(°)-'«KC,-0,da*y,, (C,^„,alM-CR„.CO. 

NH(C,.C„)alkyl, (C,.C,dall<y|.CfWCO-NH,. -CHjCH-OH-CH^ ■CHrC(CH3)=CH„ 

•CHrCH^CHuhenyl, -CH^^j^CH , a^clohexenyl, 3-cyclopentenyl, (^^^ 

O'^CN . and f\-i^ .Wherein 

\ — / H CN 

R30 is hydrogen or Ci-CizalkyI; 

the alkyl groups are unsubstituted or substituted with one or more -OH. -COOH or -C(0)R 
groups; and \^f^2o 

the aryl groups are phenyl or naphthyl which are unsubstituted or substituted with C,- 
C.3alkyl. halogen. C,-C„allcoxy. C.Caalkylcarbonyl. glycidyloxy. OH. -COOH or -000(0,- 

C,2)alkyiand . 

X- and the other substituents are as defined in claim 1. 
6. A compound according to fomiula IVa 



(IVa) 



K,-0-N VErTjN-O-Ke 
wherein 

T,. T. T3 and T. are independently methyl or ethyl with the proviso that at least one is ethyl- 
T7 IS hydrogen or methyl; ^ ' 

E,is n1 — (CH2)x— N~ where X is a number from 2 to 12; 

Rs 'Re 
Ks is is selected from the group consisting of 
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1^ 

.CH2-aryl, alkyKC^-Cig)— C 



-aryl , -CHrCHraryl. alkyKC^-C^g) 




. (Cs- 



CgcycloalkyOzCCN. (CrCaalkyOaCCN. -CHaCHsCHz. (Ci-Ci2)alkyl-CR3o-C{0)-(CrC,2)alkyl, 
(CrCi2)alkyl-CR3o-C(0)-(C6-Cio)aryl. (CrCi2)alkyl-CR20-C(O)-(CrC,2)alkoxy, (CrCigjalkyl- 
CR3o-C(0)-phenoxy, (Ci-Ci2)alkyl-CR30-C(O)-N-di(CrCi2)alkyl, (Ci-Ci2)alky|.CR3o-CO. 
NH(Ci-Ci2)alkyl. (Ct-Ct2)alkyl-CR3o-CO-NH2, -CH2CH=CH-CH3, -CH2-C(CH3)=CH2, 



R30 is hydrogen or CrCi2alkyl; 

the alkyi groups are unsubstituted or substituted with one or more -OH. -COOH or -C(O)R30 
groups; and 

the aryl groups are phenyl or naphthyl which are unsubstituted or substituted with C,-' 
Ci2alkyl, halogen. CrCi2alkoxy, Ci-Ci2alkylcarbonyl. glycidyloxy, OH, -COOH or -COO{Ci- 
Ci2)alkyl and 

X' and the other substituents are as defined in claim 1 . 

7. A compound according to claim 1 of fomnula Va, Vb, Vc. Vd or Ve 



-CH2-CH=CH-phenyl. .q^ , 3-cyclohexenyl. 3-cyclopentenyl. 





, wherein 
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m (vb) 



3 u t/V 

•3 If 

(Vc) 



(Vd) 

wherein (Ve) 

Q. is a direct bond or a -CH2- group; 
if Qi is a direct bond, Tg is hydrogen, 
if Qi is -CHr, Ts is methyl or ethyl; 

K, and K. are hydrogen. Cs-C,,cycloalkyl. phenyl or C.-C.phenylalky, and 
K3 is a group -COK. or _^^2-K, where 

-Y-CH3-CHOH-CH.-NW-{[(CH3-CH3)-{CH.V^^ 

Where s and t is a number 0-4 and u is 0 or 1 ; or ' 



K4 is a group 



Re 



Z is -C(0)- or a direct bond, 
if Z is -C(0). K5 has the meaning of 

wtar. s and , Is a number 0-4 and u Is 0 or t; or a group -D,- Q- x- w^ere 
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Di is Ci-Ci2alkylene, Ci-Ci2alkylene which is interrupted by one or more O. S, or NR9 atoms, 
Cs-Ci2cycloalkyiene or phenylene; 

Rs NH 
Q*X is — N-Rg X' . — \ /-.and 

Re R7 

X' and the other substituents are as defined in claim 1 . 
8. A compound according to claim 1 of formula Via 

Kr-ho-N^-E,--<V N-O-pK, (Via) 
wherein 

Ti, T2. T3 and T4 are independently methyl or ethyl with the proviso that at least one is ethyl; 
T7 Is hydrogen or methyl; 

X- /Re X- Ps 

El is (CH,)x — N^^ — where x is a number from 2 to 12; 

\ 'Re 

Ki and K2 are hydrogen, C5-Ci2cycloalkyl, phenyl or CrCgphenylalkyI and 

K3 is a group -COK4 or where 

K4 is Y-[(CH2-CH2)-(CH2)s-N* RgRg X>CH2-CH2-(CH2)s-N* RsReRy X or 
-Y-CH2-CHOH-CH2-N*R5R6X--{[(CH2-CH2}-(CH2)s-N* RgRe XlrCH2-CH2-(CH2)8-N*R5R6R7 X}u. 
where s and t is a number 0-4 and u is 0 or 1; or 

K4 is a group _y-Q^q^x" • -Y-^N^-R^ x' ^^\_/\ ^' 

Re 

Z is -C(0)- or a direct bond, 

if Z is -C(0)- Ks has the meaning of K4, 

if Z is a direct bond, K5 is O-CHs-CHOH-CHz-N^ RsRe X--{[(CH2-CH2)-(CH2)8-N" RsRe X'lrCHa- 
CH2-(CH2)s-N* R5R6R7 X"}u, Q'X\ -CHzQ^X* or-CHCHaQ^X* and 
X' and the other substituents are as defined in claim 1 . 
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9. A compound according to clain, 3 o( (om«ila lal. Ibt, Id, Idl or Ie1 



(Ibl) 



2 

del) 



15 '14 

Odi) (lei) 



wherein 

Qi is a direct bond or CH2 ; 

T,. T3 are ethyl and T2. T4 are metiiyl: 
T7 Is methyl or H; 

if Qi is a direct bond, Te is H; 

if Qi is CHa, Te is methyl or ethyl; 

T,o is H if T, is methyl or T,o is methyl if T7 is H; 

Tn. T,2. T,3, T,„ T,5 and T,6 are independently methyl or ethyl- or 

Tn .s H. T„ is isopropyl.T,3 is phenyl and T...T„.T„ are methyl; or 

T ' Id T " ■:!r:^^°"^"=^^- '-^"^ T.. T,e are meth,; or 

T„ and T. are -CH.O-T, and T. T, are methyl or phen, and T. are methyl or ethyl; 

Tn. T,. T,3 T.. T,s are methyl and T« is a group -CO-O-R3 or-CON(R„), or 
T, T. and T. are -CH.OH. T. is H. T« is isopropyl and T« phenyl; " 

Kt is H. Kz is methyl or ethyl and 
K3isagroup-CO-K4or ...^"^^.k ; 
K. is -Y-CHrCH2-(CH2),-N*X-R5R6R, or; 
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-Y-CHrCHOH-CHrN-CH2-CH2-(CH2)s-N*X*R5R6R7 where Y is O or NRg and s is a number 
from 0 to 2; 

IfKais — ^^"^^z.K^ . Z is -CO- or a direct bond; 
if Z is -CO-, Ks has the same meaning as K4; 

if Z is a direct bond. K5 is a group -0-CH2-CHOH-CH2-N-CH2-CH2-(CH2)s-N*X"R5R6R7 
or -CH2N*R5R6R7 X* and 

X' and the other substituents are as defined in claim 1. 

10. A compound according to claim 4 of formula Ila1 , Ilbl , llcl or Ild1 




dial) 



(ilbi) 



(llcl) 



(lldl) 



wherein 

Qi is a direct bond or CH2 ; 

T,, T3 are ethyl and T2, T4 and T7 are methyl; 

if Qi is a direct bond, Ts is H; 

if Qi is CH2, Te is methyl or ethyl; 

D is a direct bond, Ci-Cualkylene or phenylene; 
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E is -NR5-(CH2), -NRs- where xis 2 to12 or a group 

N-^N Wherein Y is =NR9 
— Y N 

Ki is H, Ka is methyl or ethyl and 

K3 Is a group -CO-K4 or ; 

K. is -Y-CHrCH2-(CH2)3-N*X RsR6R, or; 

■■^H^HOH.CH..CH.CH,,CH^™^^ V . O c, ^P. a. s . a .... 

ilKjis — ^-ZH^ .2 is -co- or a direct bond; 
If Z is -CO- K5 has the same meaning as K,- 

ifZisadirectbondK.isagroup-0-CH.-CHOH-CH.-N-CH.-CH.-(CH.)-N^XR R R 
or -CHzN^RsReR^ X' ; ^ ^ 

and 

X- and the other substituents ar« as defined in claim 1. 

, , . ,0, p.apa.„, a m«^er.po^er Ca, nanocomposite dispersion comprise, 

A) providing a flrst a,ueo.« <fepersto„ of a natural or ay„,he«c Cay which can be 
^ intercalated an.„ ex^^ed and „he™,„ .a. has al e j:„:eab: 

ra.r:::r;""" " ^ --"»^- - 

B) ad*,g .0 said dispersion a. iea« one ethylenicaily unsaturated monomer and 
P0^™en.,ngatleastapo,«^„,3a,de,h^enlcl,y„nsaturatedmo„c«„r. 
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13. A process according to claim 11 wherein the compound according to claim 1 is added in 
an amount of from 1% to 100% by weight, based on the weight of the clay. 

14. A process according to claim 11 wherein the ethylenically unsaturated monomer or 
oligomer is selected from the group consisting of styrene, substituted styrene, conjugated 
dienes, acrolein, vinyl acetate, vinylpyrrolidone. vinylimidazole, maleic anhydride, 
(alkyl)acryHc acidanhydrides, (alkyl)acrylic acid salts, (alkyl)acrylic esters, (meth)acrylonitriles 
and (alkyl)acrylamides , vinyl halides or vinylidene halides or mixtures thereof. 

15. A process according to claim 14 wherein the ethylenically unsaturated monomers are 
styrene, a-methyl styrene, p-methyl styrene or a compound of formula CH2=C(Ra)-(C=Z)-Rb, 
wherein Ra is hydrogen or CrC4alkyl. Rb is NH2, 0"(Me*), glycidyl, unsubstituted Cr 
Cifialkoxy, Ca-Ciooalkoxy interrupted by at least one N and/or O atom, or hydroxy-substituted 
CrCisalkoxy, unsubstituted d-Ciealkylamino, di(Ci-Ciealkyl)amino, hydroxy-substituted Ct- 
Csaikylamino or hydroxy-substituted di(CrCi8alkyl)amino, -0-CH2-CH2-N(CH3)2 or -O-CH2- 
CH2-N*H(CH3)2 An; 

An" is a anion of a monovalent organic or inorganic acid; 
Me is a monovalent metal atom or the ammonium ion. 
Z is oxygen or sulfur. 

16. A process according to claim 11 wherein an acid containing unsaturated monomer is 
added, which is selected from the group consisting of methacrylic anhydride, maleic 
anhydride, itaconic anhydride, acrylic acid, methacrylic acid, itaconic acid, maleic acid, 
fumaric acid, acryloxypropionic acid, (meth)acryloxypropionic acid, styrene sulfonic acid, 
ethylmethacrylate-2-sulphonic acid, 2-acrylamido-2-methylpropane, sulphonic acid; 
phosphoethylmethacrylate; the corresponding salts of the acid containing monomer, and 
combinations thereof. 

17. A process according to claim 11 wherein step B) is repeated with a second ethylenically 
unsaturated monomer which is different from the first one. leading to a block copolymer. 

18. A process according to claim 11 wherein the natural or synthetic clay is selected from the 
group consisting of smectite, phyllosilicate, montmorillonite, saponite, beidellite, montronite, 
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Kcxirits, coatings, inks, adhesives, reactive dilu^ntc «r .u 
materials. c«t.uve aiiuents or in thermoplastic 
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